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(57) Abstract: A sound processing system including at least one microphone, an audio processor, and at least one output device. 
The audio processor includes an analog beamformer, a microphone equalizer, and an apparent incidence processor. Two different 
embodiments of the apparant incidence processor are disclosed, that is, a wave generation method and a forward filtering method. 
~ Both embodiments use the same principles to estimate the properties of the individual waves of the sound field. With the present 
invention, il is possible to implement arbitrary directivity responses using a small number of microphones only, lhai is. two or three 
microphones. The present invention offers improved noise reduction also for environments with many independent noise sources. 
Furthermore, the present invention works for signals and noises with arbitrary statistics. 



INTERNATIONAL SEARCH REPORT 



miernathsWrAppllcatlon No 

PCT/EP 02/09030 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 H04R3/00 



Accordngto International Patent Classification (IPC) or to both national classification and IPC 



B. RELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 H04R 



Documentation searched other than minimum documentation to the extent thai such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical search terms used) 

EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, win indention, where appropriate, ol the relevant passages 



Relevant todaim No. 



DE 195 40 795 A (DEUTSCHE TELEKOM AG) 

7 May 1997 (1997-05-07) 

column 1, line 3 - line 17 

column 2, line 34 -column 6, line 14; 

figures 1-5 



EP 0 942 628 A (SIEMENS HEARING INSTR INC) 
15 September 1999 (1999-09-15) 
the whole document 

-/- 



1,23 



2-6, 

15-19, 

21, 

24-28, 
34-38,40 

2-6, 
24-28 



Further documents are Hsted tn the continuation of box C. 



Patent tamly members are isted in annex 



* Special categories of cited documents : 

*A" document defining the general stale of the art which is not 

considered to be of particular relevance 
"E* earlier document but published on or after the international 

filing dale 

"L" document which may throw doubts on prioAy ctatm(s) or 
which is cited to estabfish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exruoftion or 
other means 

"P* document published prior to the International fiBng dale but 
bier than the priority date claimed 



T later document pubfshed after the international rlQng dale 
or priorty dele and not in conflict wtth the application bul 
riled to understand the principle or theory underlying the 
Invention 

"X* document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when the document Is taken atone 

"V document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such rombinaUon being obvious to a person sMDed 
in the art 

*&■ document member of tire same patent family 



Date of the actual completion of the international search 



11 September 2003 



Name and maiEng address ol the ISA 

European Patent Office, P.R 5616 PatenUaan 2 
NL - 2260 HV Rijswijk 
TeL (+31 -70) 340-2040, Tx. 31 651 epo nl. 
Far (+31-70) 340-3016 



Date of mailing of the international search report 



2103.03 



Authorized officer 



Ni euwenhui s , P 



Form PCTASA/210 (aooond efteet) (July 1982) 



INTERNATIONAL SEARCH REPORT 



IntematloMf Application No 

PCT/EP 02/09030 



C. (Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication .where appropriate, of the relevant passages 



Relevant to claim No. 



WO 99 45741 A (MCATEER JEFFREY PHILLIP 
;MWM ACOUSTICS LLC (US); MICHEL ALAN DEAN) 
10 September 1999 (1999-09-10) 
page 7, line 20 -page 8, line 28; figure 1 

US 6 160 757 A (TAEGER WOLFGANG ET AL) 

12 December 2000 (2000-12-12) 

column 8, line 15 - line 39 

column 11, line 12 - line 51; figures 1,8 

EP 0 795 851 A ( TOKYO SHIBAURA ELECTRIC 

CO) 17 September 1997 (1997-09-17) 

page 4, line 58 -page 7, line 59 

page 9, line 10 -page 11, line 22; figures 

3-5B, 11-13 



EP 1 065 909 A (60LDIN ALEXANDER) 
3 January 2001 (2001-01-03) 
paragraph '0060! -paragraph '0078!; 
figures 4-8 



KELLERMANN W: "A SELF-STEERING DIGITAL 
MICROPHONE ARRAY" 
SPECTRAL ESTIMATION AUDIO AND 
ELECTROACOUSTICS. TORONTO, APRIL, 14-17, 
1991, INTERNATIONAL CONFERENCE ON 
ACOUSTICS, SPEECH & SIGNAL PROCESSING. 
ICASSP, NEW YORK, IEEE, US, 
vol. 5 CONF. 16, 

J4-May.-1991_X-1991=05-14).,_p.agei_3581-3584^ 
XP000242750 
ISBN: 0-7803-0003-3 
page 3582 , 1 eft-hand col umn , 1 ast 
paragraph -page 3584, left-hand column, 
paragraph 4 



EP 1 091 615 A (RIBIC ZLATAN) 
11 April 2001 (2001-04-11) 
paragraph '0006! - paragraph '0007! 

EP 0 883 325 A (UNIV MELBOURNE) 

9 December 1998 (1998-12-09) 

column 6, line 21 -column 7, line 18 

column 10, line 42 -column 11, line 11; 

figure 1 



2-6, 
24-28 



1,23 



1,12,20, 
23,31,39 



15-19, 
21, 

34-38,40 

1,12,20, 
23,31,39 



15-19, 
21, 

34-38,40 

15-18, 
34-37 



19,38 
21,40 



Font PCT/ISA/210 (wrtinualion o* second shoot) {July 1992} 



INTERNATIONAL SEARCH REPORT 



Internationa) application No. 
PCT/EP 02/09030 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 
This International Search Report has not been established in respect of certain claims under Article 17{2)(a) for the following reasons: 
1. \~\ Claims Nos.: 

— because they relate to subject matter not required to be searched by this Authority, namely: 



2. f~n Claims Nos.: 1 

— because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 



3. I_ I Claims Nos.: 

— because they are dependent claims and are not drafted In accordance with the second and third sentences of Rule 6.4(a). 

Box tl Observations where unity of invention is lacking (Continuation of Hem 2 of first sheet) 

This International Searching Authority found multiple Inventions in this international application, as foBows: 

see additional sheet 



1 . ] I As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
' — I searchable claims. 

2. | | As all searchable claims coold be searched without effort justifying an addtlonat fee, this Authority did not Invite payment 

of any additional fee. 



3. I Y I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
1 X I covers ontv those claims for which fees were naid soecificallv claims Nos.: 



covers only those claims for which fees were paid, specifically claims Nos.: 
1-6,12-21,23-28,31-40 



4. ["J No required additional search fees were timely paid by the applicant Consequently, this International Search Report is 
restricted to the Invention first mentioned In the claims; It is covered by claims Nos.; 



Remark on Protest | | The additional search fees were accompanied by the applicants protest- 

[ X | No protest accompanied the payment of additional search fees. 



Form PCT/lSA/210 (continuation of first sheet (1)) (July 1998) 





FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 


* ■ 




This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. Claims: 1-6, 23-28 

Independent claim 1 relates to an audio processor for a 
sound processing system comprising a plurality of 
microphones and an output device, wherein the system 
amplifies waves originating from sources in close proximity 
to the plurality of microphones, the audio processor 
comprising: 

- a near field gain controller (204> having an input 
connected to the plurality of microphones, wherein a gain is 
derived in frequency bands such that a high gain is assigned 
to frequency bands containing a significant portion of near 
field waves and a low gain 1s assigned to frequency bands 
containing a significant portion of far field waves; and 

- a signal filter for filtering the input signals 
according to the frequency dependent gain. 

Independent claim 23 relates to a method of audio signal 
processing corresponding to claim 1, respectively. 

1.1. Claims: 2-6, 24-28 

Apparatus claim 2, which depends on independent claim 
1, further specifies that the audio processor 
comprises: 

^.a microphone equalizer (200) having an input 
connected to the plurality of microphones and input 
connected to the near field controller, wherein at 
least one of the signals from the plurality 1n 
filtered with an equalization filter. 




Claim 24, which depends on independent claim 23, 
relates to a method of audio signal processing 
corresponding to claim 2. 

1.2. Claim : 9 

Apparatus claim 15, which depends on independent claim 
1, further specifies that the output of the near field 
controller (204) is in the frequency domain. 

2. Claims: 7, 29 

Apparatus claim 7, which depends on independent claim 1, 
further specifies that the processor comprises a gain 
smoother (96) to prevent the occurrence of abrupt gain 
changes. 

Claim 29, which depends on independent claim 23, relates to 
a method of audio signal processing corresponding to claim 7. 
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3. Claim : 8 

. Apparatus claim 8, which depends on Independent claim 1, 
further specifies that the processor comprises a gain mapper 
(164) for reducing time domain aliasing. 



4. Claims: 10, 11, 30 

Apparatus claim 10, which depends on Independent claim 1, 
further specifies that the audio processor comprises: 

- a beamformer (202) having an input connected to the 
plurality of microphones and an output connected to the 
Input of the near field gain controller (204), Wherein the 
Input signals are preprocessed before being passed to the 
near field gain controller. 

Claim 30, which depends on independent claim 23, relates to 
a method of audio signal processing corresponding to claim 
10. 



5. Claims: 12-21, 31-40 

Apparatus claim 12, which depends on Independent claim 1, 
further specifies that the near field gain controller (204) 
comprises: 

- a power filter (220) for measuring the signal power 
with a predefined time constant; and 

- a near field gain function appHer (226) for deriving 
the raw channel gains. 

Claim 31 , which de pends on I nde p endent cla im 23, relates to 

' a method of audio signal processing corresponding to claim 
12. 



: 6. Claims: 22, 41 

Apparatus claim 22, which depends on independent claim 1, 
further specifies that the audio processor comprises: 

- an analog beamformer (18) having an input connected to 
the plurality of microphones, and 

- at least 2 A/D converters (24) having different 
resolutions and being connected to the output of the analog 
beamformer (18) and to the input of the apparent incidence 
processor. 

Cialm 41, which depends on independent claim 23, relates to 
a method of audio signal processing corresponding to claim 
22. 
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necessarily linked by a common inventive concept, could be searched 
without effort justifying an additional fee. 
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